Isoquinoline-degrading microbial cultures were isolated from oil-and creosote-contaminated soils. The establishment of initial enrichment cultures required the use of emulsified isoquinoline. Once growth on isoquinoline was established, isoquinoline emulsification was no longer required for utilization of isoquinoline as the sole source of carbon and nitrogen by these cultures. An isoquinoline-degrading Acinetobacter strain was isolated from one of the enrichment cultures. The degradation of isoquinoline was accompanied by the accumulation of a red cell-associated pigment and of 1-hydroxyisoquinoline, which was further degraded to unknown intermediary ring-cleavage products and carbon dioxide.
Isoquinoline and its derivatives have been found as contaminants in groundwater near creosote wood preservation and fossil fuel processing facilities (4) (5) (6) . Unlike the closely related compound quinoline, for which complete aerobic degradation has been reported (1-3, 7-10), complete degradation of isoquinoline with ring cleavage has not been reported. Microbial transformation of isoquinoline to 1-hydroxyisoquinoline has been reported under anaerobic (5, 6) conditions, and isoquinoline is metabolized further very slowly when alternate carbon sources, such as acetate and propionate, are present (4) (5) (6) . Previous studies of aerobic metabolism have found only transformation of isoquinoline to hydroxylated derivatives, particularly 1-hydroxyquinoline (2, 8) , with no subsequent degradation. Microorganisms capable of degrading isoquinoline were not isolated in these previous studies.
To obtain microorganisms capable of isoquinoline degradation, we attempted to establish aerobic enrichment cultures by using several sources of inocula, including soils used for oily-sludge land farming, oil drill cores, and creosote-contaminated soils. A phosphate salts medium amended with 0.1% ammonium sulfate as the nitrogen source (10), supplemented with 1.28 mM isoquinoline, was used. All initial attempts to establish enrichment cultures failed.
Because isoquinoline is relatively insoluble, we modified the enrichment procedure by adding the isoquinoline as an emulsion prepared by the procedure of Whitworth et al. (11); 1.5 ml of isoquinoline (Aldrich Chemical Co., Inc.), 1 ml of Tween 80 (Fisher Scientific Co.), and 7.5 ml of distilled water were mixed and then sonicated for 10 min, and 0.1 ml of the emulsion was added to 100 ml of the enrichment broth to give a final isoquinoline concentration of 1.28 insolubility of this compound because we had little difficulty in isolating aerobic bacteria that could attack quinoline, a closely related compound with a slightly lower octanol/water partitioning coefficient (5). Isoquinoline is highly insoluble in water, whereas quinoline is slightly soluble in water (0.0627 wt.% at 25°C). Once the isoquinoline-degrading cultures were established, growth could be sustained without isoquinoline emulsification (Fig. 1) . Inocula from two enrichment cultures, one obtained from oil-contaminated soil and the other from creosote-contaminated soil, were used to establish fresh cultures with isoquinoline as the sole carbon source. Five hundred milliliters of phosphate salts medium (10) with 0.1% ammonium sulfate and either 1.28 or 2.56 mM isoquinoline (sole carbon source) was inoculated with a 2% inoculum of the isoquinolinedegrading mixed culture and incubated with rotary shaking at 200 rpm at 28°C; the same medium and growth conditions, with 2.56 mM isoquinoline but without the ammonium sulfate, were used to measure growth (with isoquinoline as the sole source of carbon and nitrogen) of the enrichment culture obtained from oil-contaminated soil. The disappearance of isoquinoline and the appearance of degradation products were monitored over time.
The A215 was monitored for isoquinoline disappearance, and the A3265 was used to monitor 1-hydroxyisoquinoline appearance. Additionally, to determine concentrations of isoquinoline and 1-hydroxyisoquinoline, cultures were periodically extracted with methylene chloride and the extracts were analyzed by gas-liquid chromatography using a SPB-5 coated fused silica column (30 m by 0.25 mm) and a Hewlett-Packard model 5840 gas chromatograph with a flame ionization detector operated at the following temperatures: injection port, 240°C; detector, 320°C; column, 50°C isothermal for 5 min and then 5°C/min to 230°C. Products were also analyzed by gas chromatography-mass spectrometry (GC-MS) using the same gas-chromatographic conditions and a Hewlett-Packard 5992 gas chromatograph-mass spectrometer.
Carbon dioxide production was measured by inoculating replicate Biometer flasks (Bellco Glass, Inc.) containing 50 ml of phosphate salts medium and 2.56 mM isoquinoline as the sole carbon source. The flasks were incubated at 28°C without shaking. The CO2 produced was trapped in 0. -was not aegraucec auotucaiiy kno uisappear-plete disappearance of substrate and production of oxygenate or appearance of oxygenated products) but ated products, including carbon dioxide). The degradation of iodegraded by the enrichment cultures (comisoquinoline was accompanied by the formation of a cellassociated red pigment with an absorption maximum in methylene chloride of 495 nm when the culture was provided with ammonium sulfate as a nitrogen source; when isoquinoline served as both carbon and nitrogen source, no red pigment production was observed. All cultures produced 1-hydroxyisoquinoline. The identity of this product, which appears to be the initial degradation product, was confirmed by gas-chromatographic coinjection with a known standard and by mass spectral analyses and comparison with the known spectrum for 1-hydroxyisoquinoline.
Three different microorganisms that appear to represent a stable consortium were isolated from an isoquinoline-degrading mixed microbial culture obtained from oil-contaminated soil. One of these organisms (IQ-1), a gram-negative, oxidase-negative, short rod, which has been tentatively identified as an Acinetobacter strain, was able to degrade isoquinoline in pure culture, although not as efficiently as the mixed enrichment culture. This organism could grow when isoquinoline served as the sole source of carbon; it also grew when isoquinoline was the sole source of carbon and nitrogen, but for this activity to be sustained the nitrogen-free medium needed to be amended with 0.001% yeast extract. Three different microorganisms were also isolated from an isoquinoline-degrading enrichment culture obtained from to be the initial site of hydroxylation in the microbial degradation of isoquinoline. The inability to attack 1,5-dihydroxyisoquinoline suggests that degradation of isoquinoline by these cultures does not proceed via formation of 1,5-dihydroxyisoquinoline. Isoquinoline degradation may proceed through the formation of another hydroxyisoquinoline, which would be structurally similar to catechol, a compound that was degraded by these cultures.
On the basis of the UV absorbance and gas-chromatographic measurements, the isoquinoline was completely biodegraded in less than 2 days by the microorganisms in the enrichment cultures ( Fig. 2 and 3) . After incubation for a few hours, trace amounts of 1-hydroxyisoquinoline were detected. By 20 h isoquinoline was no longer detected in the enrichment culture isolated from creosote-contaminated soil (Fig. 2) . 1-Hydroxyisoquinoline accumulation reached a maximum at about 20 h, and subsequently 1-hydroxyisoquinoline disappeared.
By using the enrichment culture from oil-contaminated soil, isoquinoline initially disappeared very slowly until 9 h, when it disappeared rapidly (Fig. 3) . Trace amounts of 1-hydroxyisoquinoline accumulated during the first hours of incubation, reaching a plateau at 6 h; the concentration of 1-hydroxyisoquinoline subsequently decreased after 27 h of incubation, and it was completely gone by 36 h. By 30 h, isoquinoline was no longer detected, and by 72 h no UVabsorbing compounds were detected in this culture, indicative of ring cleavage.
CO2 production by the isoquinoline-degrading cultures was evident by 2 days. The initial lag period in CO2 production relative to the disappearance of substrate, which occurred within hours, probably reflects the time between initial hydroxylation (substrate disappearance) and ring cleavage that leads to complete degradation (CO2 production). Within 8 days, 25% of the carbon in the isoquinoline added to the culture was converted to CO2 (Fig. 4) . The remainder of the carbon was degraded to unknown intermediary metabolites and cell biomass. No degradation or transformation of isoquinoline was detected in sterile controls, as evidenced by the lack of both the disappearance of the substrate and the appearance of products, even when incubation times were extended to 28 days. The production of carbon dioxide from isoquinoline represents the first evidence for ring cleavage of isoquinoline under aerobic conditions and the first report of complete biodegradation of this compound.
